Abstract Background: Ultrasound has become an increasingly utilized tool for the imaging of the musculoskeletal system, especially for imaging the components of the knee. Even though MRI is touted as being the golden standard for identifying knee pathologies, the use of ultrasound has gained popularity in this field given its ability for rapid diagnosis. This study aims to investigate the efficacy of point-of-care ultrasound (POCUS) to diagnose injuries to the medial knee compartment when compared to magnetic resonance imaging (MRI).
Introduction
Magnetic resonance imaging (MRI) has historically been considered to be the golden standard imaging modality to diagnose medial knee injuries. However, there are significant limitations of using MRI, such as the presence of indwelling cardiac pacemakers, metal implants, patient intolerance due to claustrophobia and delay in treatment due to long wait periods [1e3] . As a result, recent studies have demonstrated point-of-care ultrasound (POCUS) as an alternative, non-invasive and real-time imaging modality to evaluate the soft tissue pathology of the knee, including injuries to the medial meniscus and medial collateral ligament (MCL) [3e8] .
One of the most common mechanisms for knee injury is direct trauma, which is commonly seen in athletic injuries [3] . When injury occurs, the superficial MCL is the most commonly damaged ligament of the knee, usually induced by valgus stress, and can occasionally be accompanied by a tear in the medial meniscus [4, 9] . While clinical examination is essential in diagnosing tears of the medial compartment of the knee, imaging is often required to make a conclusive diagnosis [3] . An accurate and rapid diagnosis of injury to the MCL or medial meniscus is important to determine the treatment plan and whether surgical intervention will be necessary [2] . While there is literature to support the efficacy of ultrasound in identifying medial knee pathology, there is a paucity of literature that directly compares POCUS to MRI. The primary aim of this study was to determine the accuracy of POCUS in diagnosing medial meniscus and MCL injuries when compared to MRI.
Materials and methods

Study design
This study was a prospective, observational study conducted at an orthopedic outpatient clinic. The study was approved by the site's Institutional Review Board and was compliant with the Health Insurance Portability and Accountability Act (HIPAA).
Patient recruitment
Prospective patients were identified and enrolled into the study by the lead clinical investigator, a Sports Medicine fellowship-trained family medicine physician. Patients presenting with acute (days), intermittent (months), or chronic (years) pain in the medial compartment of the knee were considered eligible for enrollment. Medial knee pain was based on history and physical exam findings. Inclusion criteria consisted of age 18 years and older, presence of medial knee pain, and plan for an MRI to be obtained of the knee for the first time. Exclusion criteria consisted of age younger than 18 years, knee pain outside the medial compartment, or having previously undergone MRI evaluation of the knee.
Following history and physical examination, patients deemed eligible were approached for inclusion into the study. Patients who were scheduled for an MRI of the knee were invited to participate in the study. A total of nine patients were enrolled in the study. All enrolled patients underwent a POCUS, performed at bedside by the lead investigator upon initial presentation to the clinic. These images were interpreted prior to patients undergoing MRI evaluation. The MRI was at a community imaging facility with 1.5T MRI scanner. The scan protocol consisted of standard MRI sequencing for evaluation of knee pathology, consisting of multi-planar images in all orientations: sagittal, coronal, and axial. Spatial resolution was maximized using small field-of-views (14e16 cm), thin slices (3 mm) and a high matrix size. All MRI studies were read by both an independent, licensed musculoskeletal radiologist and then later by the study's lead clinical investigator. Lead investigator for the study is a board certified, fellowship trained, primary care sports medicine specialist with seven years of practice experience and one year of ultrasound training. The lead investigator was blinded to the results of the MRI until the ultrasound had been performed and simultaneously read to maintain adequate blinding.
Ultrasound procedure technique
Each ultrasound study was performed using a SonoSite Mturbo machine (FUJIFILM Sonosite Inc, Bothell WA) with a 6e15 MHz linear probe. For examination of the medial knee, the patient was asked to rotate the leg externally while maintaining 20 e30 of knee flexion. The transducer was placed obliquely over the long-axis of the medial collateral ligament (Fig. 1) . Care was taken to examine the entire length of the medial collateral ligament (Fig. 2) . A normal MCL is seen in a longitudinal plane as a thick hyperechoic and fibrillar structure, extending from the medial femoral condyle to the proximal tibia. If a tear of the MCL was noted, the degree of tear was classified using the following designation: Grade 1 (Mild; stretching of the ligament without discontinuity of the fibers and associated Figure 1 Evaluation of the medial compartment of the knee using a linear ultrasound probe. edematous changes), Grade 2 (Moderate; partial disruption of the ligament), Grade 3 (Severe; complete discontinuity of the ligament fibers and/or retraction). The medial joint line was also assessed for joint effusion, bony abnormalities, and medial meniscus pathology. Bony abnormalities assessed included: osteophytic changes, chondrocalcinosis present at the joint line seen as hyperechoic changes with shadowing. The medial meniscus was assessed for tears, noting the potential for a peri-meniscal cyst, meniscal cleft, extrusion, degeneration, and/or calcification ( Fig. 3) . Meniscal degeneration was noted as a diffuse and illdefined pattern of hypoechoic changes. Meniscal tearing was noted as a well-defined anechoic or hypoechoic disruption and/or cleft. Meniscal cysts were noted as anechoic or hypoechoic cystic structures found within the substance of the meniscus. Care was taken to not mistake a normal semimembranosus tendon structure for a meniscal cyst. Meniscal extrusion was noted as abnormal displacement of meniscal tissue and associated edema. It was also noted if the patient experienced pain with transducer placement on the medial compartment.
Statistical analysis
Study data was entered in Excel (Microsoft, Redmond WA) and analyzed using Stata statistical software package (version 12.1, Statacorp, College Station TX). Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated and reported.
Results
A total of nine patients were enrolled in the study. Median age was 53 years and eight were male (89%). The time to obtain MRI following initial evaluation ranged from three to seventeen days with a median of four days. Mechanism of injury, time from injury to evaluation, clinical presentation and physical exam findings are listed in Table 1 .
While the majority of POCUS and MRI findings of medial meniscus and MCL correlated, there were three comparisons without agreement. In two instances, POCUS demonstrated tears (1 medial meniscus, 1 MCL) while MRI did not. In a separate instance, MRI identified an old MCL tear that the ultrasound image did not detect. The complete list of POCUS and MRI findings are listed in Table 2 .
Overall, POCUS demonstrated 100% sensitivity and 50% specificity for medial meniscus tear, yielding a positive predictive value (PPV) of 87.5% and a negative predictive value (NPV) of 100%. Ultrasound was also able to show a 67% sensitivity and 83% specificity with a similar PPV of 67% and NPV of 83% for MCL tears. After combining medial meniscus and MCL tears, POCUS had a sensitivity of 90%, specificity of 75% for identifying these injuries.
Discussion
Using ultrasound for the diagnosis of medial knee injuries confers several benefits. It is a non-invasive, cost-efficient bedside procedure that allows for real-time diagnosis and early management of injuries. Ultrasound offers a dynamic assessment of joint pathology, allowing for rapid detection of fractures, structural anomalies, torn ligaments, fluid, infection, and other osteoarthritic injuries [1, 10] . This provides a great time benefit to both the patient and the physician. It is an economical imaging modality that is less costly and faster to obtain than an MRI study [11] . The portability of the equipment facilitates bedside scanning without the inconvenience of transporting patients. However, along with these advantages, there are also limitations to using ultrasound. There is a relatively steep learning curve and dependence on the training, skill, and experience of the operator [7] . Given operatordependence, results may lack standardization in assessing knee pathology. Nonetheless, studies conducted more recently have demonstrated higher sensitivities and specificities of ultrasound in diagnosing medial meniscus tears, which may be attributed in technology and increased operator training [2] .
When using ultrasound to visualize a normal medial meniscus, a hyperechoic, homogenous triangle or wedgeshaped structure can be seen [1,7,12e14] . Sonographic findings of meniscal tears include a hypoechoic band or stripe that can be seen within the meniscus, resulting in heterogeneity of the meniscus [4, 7, 8, 14] . The size and shape of the hypoechoic band will vary depending on the size, shape, and location of the meniscal tear. It should be noted that the posterior horn is usually larger than the anterior horn, and it is easier to visualize tears in the outer margin of the medial meniscus compared to the inner margin due to it being more superficial [7] .
In this study, meniscal horn tears, especially those posteriorly, were identified on ultrasound. However, in one patient (Patient 3), a meniscal tear was seen on ultrasound that did not appear on MRI, thus affecting specificity. These findings are consistent with other studies that have evaluated ultrasound as a diagnostic tool for meniscal injuries. A large study performed by Grifka et al. analyzing 1196 ultrasound images showed an 83% sensitivity and a 90% specificity for medial meniscus tears [15] . This is confirmed with several other studies that find the overall examination sensitivity and specificity to range from 83 to 97.2% and 83 to 100%, respectively [15e17]. In addition, negative predictive value for using ultrasound to diagnose these medial meniscal injuries is 94.4% [17] . Another study by Cook et al. showed that the use of ultrasonography proved to be two times more likely to correctly diagnose displaced vertical longitudinal tears, which was confirmed with arthroscopy, when compared to MRI [2] . This study had a sensitivity and specificity of 91.2% and 84.2%, respectively. In our study, use of ultrasound was limited in one patient who had a bucket-handle tear (Patient 1), as the definitive diagnosis was missed using ultrasonography. Bucket handle tears are longitudinal tears separating the inner and outer portion of the meniscus in the anterioreposterior axis. They are difficult to visualize due to their depth as the tear occurs on the inner rim of the medial meniscus [7] . In theory, visualizing the MCL under ultrasound is relatively easy due to its superficial location, spanning from the medial femoral condyle to the medial tibial metaphysis. The MCL has two layers, a superficial and deep layer, with the deep layer being continuous with the medial meniscus. Because of this continuity of the deep layer of the MCL with the medial meniscus, they are often injured together. Both the layers of the MCL are sonographically hyperechoic structures and are separated by a hypoechoic band, consisting of areolar tissue. This gives the MCL a trilaminar structure with the hyperechoic outer parts and a hypoechoic inner part [7À9, 18, 19] . However, when injured, the trilaminar appearance is often lost and the MCL becomes hypoechoic and heterogenous, thought to be due to edema. The injured MCL also appears thicker when compared to the normal MCL [4, 7, 8, 19] . One study by Kleinbaum et al., which measured normal and abnormal MCL thickness on ultrasound, showed that the average respective thickness of the injured MCL at the proximal and distal attachments was 6.4 and 4.4 mm, while that of the normal MCL was 4.3 and 3.1 mm [9] .
Our study had only three patients with potential MCL pathology on MRI, with one having chronic MCL changes that were missed on ultrasound (Patient 6). This suggests the limited role ultrasound may have in evaluating chronic ligamentous injuries. Data on the sensitivity and specificity of ultrasound use in diagnosing MCL tears is not as abundant as in meniscal injuries. A study of 200 patients with primarily traumatic knee injuries and a clinical indication for arthroscopy demonstrated a small proportion with MCL tears [20] . The sensitivity and specificity of using ultrasound to diagnose these tears was 66% and 50%, respectively. Despite the low sensitivity of diagnosing old ligamentous injuries, there is great utility in diagnosing acute injuries immediately as treatment can be initiated sooner. Additionally, when MCL tears are diagnosed, grading of these tears can be up to 94% accurate when using ultrasound [7] . The main limitation of our study was the low number of subjects that were enrolled. Only nine patients over the course of one year were enrolled in this study due to the study setting being an orthopaedic referral center, where patients either have a known existing condition or have received an MRI prior to initial evaluation. However, this was simply an observational pilot study. A larger sample size is needed to be able to establish a true observational study. This can be done by enrolling patients from a wider range of settings, such as emergency departments, prior to referral to an orthopedist. Another limitation, as stated above, is the lack of a standardized protocol to diagnose MCL and medial meniscus tears. This leads to operatordependence of performing and interpreting the scan, which is subjective and variable. In our study, all scans and their interpretation were solely performed by the lead investigator, eliminating inter-rater variability. There may have been some bias present from the lead investigator given that the patients enrolled were already scheduled for an MRI, indicating either a severe enough or long-standing injury. Thus, perhaps there was an increased amount of time and attention spent scanning with the ultrasound probe looking for pathology, yielding higher quality images. However, for the confines of this study and given the lack of standardized protocol, we had to accept the presence of this bias. MRI scanning was also performed at three different imaging facilities, increasing the variability in sequencing and image interpretation. Despite these limitations, our study showed that POCUS appears to be an accurate and reliable initial diagnostic modality to evaluate for medial meniscus and MCL injury. While it is not currently a substitute for MRI, future large-scale studies should evaluate the use of POCUS as a screening tool to potentially eliminate the need for a costly and timeconsuming confirmatory MRI in select cases.
